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Experimental Section
Materials. Dimyristoylphosphatidylcholine (DMPC) and 2,5-dichloro-benzoquinone (DCBQ) were from Sigma. Isolation, purification and characterization of PSII core complex from spinach was reported in our previous paper. [1] Film assembly on electrodes.: Basal plane pyrolytic graphite (PG, Advanced Ceramics) disks were used as working electrodes. Electrodes were first abraded with 600 grit SiC paper and medium crystal bay emery cloth, and then were sonicated in water for 60 s. DMPC-PSII films were prepared by placing 10 µl of a mixture of 1 mM DMPC with 3.69 mg/ml chlorophyll spinach PSII core complex, directly on electrode surfaces. After overnight drying at 4° C in the dark, a multiple-stacked bilayer film about 2 µm thick is formed on the PG surface. [2] For the cathode, a 1×1 cm piece platinum mesh made from 0.25 mm diameter wire (fuelcellmaterials.Inc) was deposited with platinum black by electrolyzing at -5 V vs. Ag/AgCl in 30 mM H2PtCl6 with 1.5 mM Pb(CH3COO)2 for 5 min. 3 The actual area of Pt black mesh electrode was estimated at 1.25 cm 2 by cyclic voltammetry in 2 mM K3Fe(CN)6 and 0.1 M KCl at 0.02 to 0.1 V s -1 scan rates.
Photocurrent measurements.
A thermostated 3-electrode cell using the PSII-DMPC-PG wokring electrode, a Pt counter electrode, and a saturated calomel electrode (SCE) reference was used with a CH Instruments 660A electrochemical analyzer to obtain current vs. time response at 25 º C. The light source was a Leica incandescent illustrator (model. 13410311) with three different power settings (P1<P2<P3). At P3 the highest estimated intensity was 40 mW cm -2 . An LI-250A light meter (LI-COR Inc) was used to measure light intensity at the same distance as the working electrode.
Photobiofuel cell measurements.
A photobiofuel cell was constructed in a two-compartment glass cell with cathode and anode compartments, connected by a porous glass frit with gel KCl-saturated agar gel on the side towards the anode (Scheme S1) as a salt bridge connecting the two half cells. The cathode half-cell featured the Pt black mesh in 1 mM HClO4 and 0.1 M NaClO4 electrolyte adjusted to pH 1 by HCl. The anode half cell features the DMPC-PSII film on PG electrode in 20 mM MES (2-(Nmorpholino)ethanesulfonic acid salt buffer) pH 6, 15 mM CaCl2, 15 mM MgCl2, 100 mM NaCl, and 0.1mM DCBQ mediator. Both cells were purged with nitrogen for 10 min before testing. The light source was a Dolan-Jenner Fiber Lite, model 190, P ~0.1 W, at the intensity of 40 mW cm -2 delivered to the PSII anode by an optical fiber.
The cell potential was measured at room temperature (25 ± 2 º C) with different external resistance loads connecting the anode and cathothe using a voltmeter connected in parallel to the resistor. Current was measured by an ammeter placed in series with the resistor. Scheme S1. PSII-based photo-electrochemical cell. The reaction at the cathode does not involve reduction of protons or molecular oxygen. After photoexcitation of the anode, the lack of bubbles on the Pt mesh or in solution suggested that hydrogen gas was not produced in the cathode chamber. Saturation of the cathode solution with oxygen did not improve energy conversion. Also, Pt black mesh in electrolyte solutions saturated with N2, O2, or Ar gave similar open circuit potentials (SI, Figure S1 ). However, after bubbling hydrogen into the catholyte solution, the open circuit potential dropped to negative potentials vs. SCE. Thus, if the photocell produced hydrogen in the cathode solution, the cathode potential would become too small to drive oxidation of DCBQ to produce the photocurrents shown in Figure 1 . In other words, the cell would not support current or potential outputs observed in Figure 2 . This provides further evidence that hydrogen gas was not produced at the cathode.
Surface chemical processes forming sub-monolayer and monolayer 2-dimensional OH arrays has been proposed. Perchlorate in acid is a strong oxidant (E o '=1.42 V) in the catholyte that oxidizes the Pt-black surface to set up a catalytic cycle involving Eqs. 1 and 2 (main paper). Further,multilayer hydrous oxide films have been reported after treatment with perchloric acid featuring place-exchange between adsorbed oxygen species on the surface and Pt atoms within surface lattices.
[18] Other processes may be involved, e.g. adsorbed water-forming OHads (Eq. 3), and PtOHads oxidation to PtOads (Eq. 4) to more stable Pt oxide structures.
H2O + Pt → Pt-OHads + H + + e -
Pt-OHads → Pt-Oads + H + + e -
In our device, we have an open circuit potential of 0.72 ± 0.07 vs. SCE at Pt-black, so that an oxide film may be formed in perchloric acid solution similarly to that generated under potentiostatic anodization.
[18
